A new selective medium, galactose (GL) agar, was developed for the enumeration of Bifidobacterium spp. in yogurts . This medium contains lithium chloride (0.4 g/1) and galactose (10 g/l) as selective inhibitory agents. The viable counts of bifidobacteria in the commercial yogurts sold in Europe were determined by using GL agar. From five of eight commercial yogurts tested , bifidobacteria were detected in 104-107 per ml, while from the remaining three they were not detected. Five Bifidobacterium strains isolated were identified on carbohydrate fermentation patterns and DNA-DNA homology. Only one strain was classified B. longum and the remaining four strains as B. animalis.
Yogurts fortified with bifidobacteria have been launched for decades in Europe and Japan, and their consumption is now increasing . It is reported that human Bifidobacterium species can be divided into two groups , neonate type or adult one; the species in the intestine of neonates are B. breve , B. infantis and B. bifidum, and those in the intestine of adults are B. adolescentis and B. longum (9) . For decades, some Bifidobacterium species, such as B. bifidum or B. longum, have been reported to be used for production of fermented milks, in combination with other lactic bacteria . Recently, Biavati et al (1) reported that the strains isolated from six samples of fermented milks in Europe were all identified as Bifidobacterium animalis .
It is also important that in order to provide beneficial effects on human health , h igh counts of bifidobacteria should be administered . However, Bifidobacterium spp. are susceptible to acids and oxygen, so that Bifidobacteria supplemented in yogurts may easily decrease during storage.
The methods to detect the accurate viable counts of bifidobacteria in yogurts are important, but controversial; a few selective and differential agar media were developed to enumerate bifidobacteria in fermented or unfermented dairy products , which contained many lactic cultures for fermentation (2, 12 , 14) . These media contain bifidogenic sugars or antibiotics which may cause lower viable numbers.
This study was to develop a simple method for the enumeration and isolation of Bifidobacterium spp. in yogurts, and to identify the Bifidobacterium spp. isolated from commercial yogurts sold in England, on the basis of phenotypic characteristics and DNA-DNA homology.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains used are listed in Table 1 . All the strains were subcultured in Briggs liver broth (10) at 37°C for 16 hr aerobically (lactobacilli and streptococci) or anaerobically using GasPak (BBL) (bifidobacteria) before the experiments.
Eight commercial yogurt samples claiming to contain viable bifidobacteria were used. All products were purchased in London (Table 2) , stored at 5°C, and their viable numbers of bifidobacteria were enumerated. Furthermore, the bifidobacteria isolates were examined to be identified to species level.
Media used. Galactose (GL) agar contained (per liter) Proteose Peptone No. 3 (Difco) 10 g; Trypticase Peptone (BBL) 10 g; NaCl 2g; L-cysteine HCl 0.5 g; K2HPO4 1.5 g; MgSO4 0.2 g; LiCl 0.4 g; Yeast extract (BBL) 10 g; Bacto-agar (Difco) 15 g; and galactose 10 g. All ingredients except for galactose were dissolved in 900 ml of distilled water and autoclaved at 121°C for 15 min. After autoclaving, Table 2 . Commercial yogurt samples investigated 100 ml of 10% galactose solution sterilized by filtration was added and the mixture was poured into petri dishes. BL agar (EIKEN, Japan) and GL agar were compared for their ability to recover Bifidobacterium spp. from pure cultures. Enumeration and isolation of Bifidobacterium spp. from yogurt samples. Dilutions of samples were made in a sterile physical saline solution. One-tenth ml of appropriate dilutions was inoculated onto the plates and spread evenly. The innoculated plates were incubated anaerobically (GasPak, BBL) at 37°C for 48 hr.
Each colony grown on the plates was transferred into Briggs liver broth. The isolates were confirmed to be Bifidobacterium spp. by Gram stain and an aerobic conditions.
Bifidobacteria identification. The species of bifidobacteria were identified as carbohydrate fermentation pattern according to the modified method of Roy and Ward (11) . Modified MRS broth supplemented with 27 different sugars was used for carbohydrate fermentation tests. Modified MRS broth contained (per liter) Proteose Peptone No. 3 (Difco) 10 g; Casamino acids (Difco) 5 g; Yeast extract (BBL) 10 g; Beef extract (Difco) 1 g; Tween 80 1ml; ammonium acetate 2 g; MgCO4 0.1 g; MnSO4 H2O 0.05 g; Na2SO4 2 g; KH2PO4 1.92 g; Na2CO3 0.2 g; CaCl2 2H2O 0.1 g; L-cysteine-HCl 0.5 g, and phenol red 0.18 g. Modified MRS broth without sugars was autoclaved before the addition of each carbohydrate solution. The carbohydrate solutions to be added to modified MRS broth were sterilized by filtration. The final concentration of sugars was 1.0% (W/V) except for tagatose (0.5%) and glycogen (0.5%) and starch (0.25%). A 5 ml portion of each carbohydrate broth was poured into each sterile test tube prior to inoculation. The inoculum was prepared as follows : the cells of each isolate cultured in Briggs Liver broth for 16 hr anaerobically were harvested by centrifugation (2000 rpm, 10 min) and suspended in 2 ml of modified MRS broth without added sugar. Each test tube was inoculated with 0.08 ml of bacterial suspension by the sterile inoculator (STEPPER of TRIDAC Co., Ltd.) equipped with a sterile syringe and then a portion of 0.8 ml of sterile paraffin liquid was poured. Inoculated tubes were incubated at 37°C. Acid production by carbohydrate fermentation was detected by a change of the color of the phenol red indicator from red to yellow on the 4th day and 10th day of incubation.
DNA-DNA hybridization was performed by the method of Johnson et al (6) . S1 nuclease treatment was performed as described previously (4). DNAs were labeled by nick translation with 3H (New England Nuclear Corp., Boston , Mass.) . In this study, B. longum E 194bT and B. animalis R101-8T were used as reference.
RESULTS AND DISCUSSION
Evaluation of GL Agar GL agar plates were evaluated for enumeration and isolation of bifidobacteria by using pure cultures. No strains of the facultive aerobes, except for Lactobacillus helveticus and L. casei were detected, visibly on GL agar, although they all grew well on BL agar (Table 3) . On the other hand, all the Bifidobacterium strains used in this study grew well on both media, and the counts on GL agar were almost the same as those on BL agar (Table 3) .
Typical colonies of Bifidobacterium spp. on BL agar were white and their diameters were more than 0.3 mm. Their colonies on GL agar were more than 0 .5 mm in diameter. When lower dilutions (10-1 to 10-2) of yogurt samples were inoculated, all bacteria in yogurts grew to make very small colonies , of which the number was far more than a thousand on GL agar plates , because of the transfer of the substances of yogurts onto the plates. The results showed that GL agar can be used for the selective enumeration of bifidobacteria of most commercial fermented products supplemented with Bifidobacterium spp., which are fermented with yogurt cultures of L . delbrueckii subsp. bulgaricus and Streptococcus thermophilus.
Most selective media for the enumeration of bifidobacteria contain many kinds of antibiotics to inhibit the growth of bacteria other than bifidobacteria (2, 12, 14) . However, the antibiotics may cause the reduction of bifidobacteria counts (14) . These media usually contain lactose or glucose as a carbohydrate substrate, which enhance the growth of all the bacteria used for production of yogurts. Although galactose is weakly fermented by S. thermophilus (5), our preliminary study indicated that S. thermophilus did not grow even on GL agar with and without lithium chloride (data not shown) . GL agar with addition of lithium chloride in lower concentration than that of BS agar reported by Mitsuoka (8) made possible virtually equivalent recovery of bifidobacteria grown on . both GL agar and BL agar.
Viable Counts of Bifidobacteria in Commercial Yogurt Products
Viable counts of bifidobacteria in the commercial yogurts grown on GL agar are indicated in Table 4 . No bifidobacteria was detected in 3 of 8 samples , while the remaining 5 samples contained 104-107 Bifidobacterium per ml , in the same range as those reported by Wijman et al (14) .
Bifidobacterium spp. in Commercial Yogurts
Bifidobacteria isolated from the commercial yogurts were identified on the basis of carbohydrate fermentation patterns and DNA-DNA hybridization tests (Tables 5  and 6 ) .
All the strains fermented arabinose, raffinose , lactose and ribose, but not sorbitol. DNA hybridization tests (Table 6) showed that the four strains gave high levels of DNA-DNA homology with B. animalis R101-8T, while the strain No. 8 represented high levels of DNA relatedness with B. longum E194bT. Since B. animalis has little or no DNA relatedness with the other Bifidobacterium species (13), we concluded that the strains isolated from the four commercial yogurts were identified as B. animalis and the strain isolated from the other one as B. longum.
It has been suggested that in order to obtain beneficial effects the supplemented organisms should be present in more than 106 per ml of fermented milk (3), and that Bifidobacterium strain used should be from the human habitat (7) .
In the present study, only five samples of 8 yogurts tested contained viable bifidobacteria more than 106 per ml, and B. animalis strains were isolated from 4 of the eight commercial yogurts claimed to contain bifidobacteria. It is essential that fermented milk products should contain sufficient viable number of organisms and that the bifidobacteria strains used for fermented milk products or therapeutic preparations should be precisely identified.
